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RI WKHEORFN IDLOXUHV >@7KHPHFKDQLVPRISURJUHVVLYH IDLOXUHGHVFULEHGE\ WKH DERYH DXWKRUV LV EDVHGRQ WKH
YROXPHWULF FKDQJH LQ WKH VDQG XSRQ ZHWWLQJ LH LQXQGDWLRQ WKURXJK UDLQIDOO ZKLFK LV FRQVLGHUHG D VWUXFWXUDO
FROODSVHFKDUDFWHULVHGE\ORZWRPRGHUDWHVHYHULW\>@,QDFROODSVLEOHVRLORQZHWWLQJVXFWLRQZLOOEHORVWRUKLJKO\
UHGXFHGZKHUHDVFKHPLFDOERQGLQJLVOLNHO\WREHOHVVDIIHFWHGE\WKHFKDQJHLQZDWHUFRQWHQW$VLVZHOONQRZQ
WKHSULQFLSOHRI HIIHFWLYH VWUHVV LV QRW IXOO\ DSSOLFDEOH WRSDUWLDOO\ VDWXUDWHG VRLOV HJ >@ DQG LQ WKH FDVHRI QHW
HIIHFWLYHVWUHVVıIXDFRQVWDQWDQLQFUHDVHLQVXFWLRQDOZD\VFRUUHVSRQGVWRDYROXPHUHGXFWLRQZKLOHDUHGXFWLRQ
RIVXFWLRQPLJKWFRUUHVSRQGWRDQLUUHYHUVLEOHYROXPHWULFVWUDLQLHFROODSVH
,Q WKH FDVH RI WKH 9DOOH GHL 7HPSOL LQ $JULJHQWR WKHVH ORFDO FROODSVHV FDXVH GLIIHUHQWLDO VHWWOHPHQWV ZKLFK
GHYHORS KLJK WHQVLOH DQG VKHDU VWUHVVHV LQ WKH FDOFDUHQLWH EHQFK DQG FRQVHTXHQW QHZ VXEYHUWLFDO GLVFRQWLQXLWLHV
GHILQLQJ URFNEORFNV >@7KHVHXQVWDEOHEORFNV FKDUDFWHULVHGE\JUHDW YROXPHVPLJKW EH LQYROYHG LQ URWDWLRQRU
WRSSOLQJ SKHQRPHQD )XUWKHUPRUH WKHVH GLVFRQWLQXLWLHV FDXVH DQ LQFUHDVH RI VHFRQGDU\ SHUPHDELOLW\ LQ WKH
FDOFDUHQLWHEHQFKDQGDOORZWKHUDLQZDWHUWRIORZGLUHFWO\LQWRWKHXQGHUO\LQJVDQGVLQZKLFKDVDFRQVHTXHQFHWKH
ZDWHU FRQWHQW LQFUHDVHV (UFROL HW DO >@ VXJJHVWHG WKDW FKDQJH LQ ZDWHU FRQWHQW LQ WKH VDQG LV D IXQGDPHQWDO
SDUDPHWHU WREHPRQLWRUHG IRU LWVPDLQ UROH LQ WKH UHWURJUHVVLRQSURFHVV7KHDGYDQFHG WKHUPRK\GURPHFKDQLFDO
FRXSOHGPRGHOOLQJRI WKH VORSHDWPRVSKHUH LQWHUDFWLRQUHTXLUHVDQDVVHVVPHQWRIERWK WKHJHRPHFKDQLFDODQG WKH
K\GUDXOLFVRLOIHDWXUHVVXFKDVWKHPRUSKRORJ\RIWKHVORSHVRLOVWUHVVVWUDLQEHKDYLRXUWKDWPLJKWEHPRUHFRPSOH[
IRU SDUWLDOO\ VDWXUDWHG VRLOV K\GUDXOLF SURSHUWLHV DQG ERXQGDU\ FRQGLWLRQV :LWK WKH DLP RI D ILUVW DWWHPSW WKH
LQIOXHQFHRIVDQGDWPRVSKHUHLQWHUDFWLRQRQWKHFROODSVHSRWHQWLDO&3RIDRQHGLPHQVLRQDOPRGHORIWKHVDQGZDV
LQYHVWLJDWHGFRQVLGHULQJVLPSOLILHGERXQGDU\FRQGLWLRQVDQGYHUWLFDOIORZVRQO\-XVWLILHGE\WKHRXWFURSSLQJRIWKH
VDQG\ OD\HU LQ LQIUHTXHQW DQG UHVWULFWHG SRUWLRQV LQ WKH DUHD D GLUHFW FRQWDFW EHWZHHQ WKH VDQG\ RQHGLPHQVLRQDO
OD\HU DQG WKH DWPRVSKHUH ZDV DVVXPHG 7KHUHIRUH IRU WKH LQILOWUDWLRQ DQG HYDSRWUDQVSLUDWLRQ IORZV D VWDQGDUG
³VDQG\VRLO´ZDVVHOHFWHG,WVK\GURPHFKDQLFDOSURSHUWLHVZHUHVWDWLVWLFDOO\HVWLPDWHGIURPWKHOLWHUDWXUHRIVLPLODU
VRLOV E\$OOHQ DW DO >@ 7KHZRUN LQGHHG VLPXODWHV WKH UHVSRQVHV WR FKDQJHV LQ WKHZDWHU FRQWHQWV LQGXFHG E\
UDLQIDOOHYHQWVDQGHYDSRWUDQVSLUDWLRQSKHQRPHQDSURFHVVHVRYHUGLIIHUHQW WLPHVFDOHV UHODWLYHO\ WR WKUHHSHDNV LQ
FXPXODWLYH\HDUO\UDLQIDOORFFXUULQJLQWKHODVW\HDUV7KHUHVXOWLQJFXPXODWLYHFROODSVHIRUWKHRQHGLPHQVLRQDO
















HVWLPDWHG DV WKH SURGXFW EHWZHHQ WKH UHIHUHQFH FURS HYDSRUDWLRQ (7 DFFRUGLQJ WR WKH )$23HQPDQ0RQWHLWK
IRUPXOD>@>@DQGWKHFURSFRHIILFLHQW.FZKLFKIROORZLQJWKHVHFRQGDSSURDFKIRULWVGHWHUPLQDWLRQ>@ZDVVSOLW
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WR WKH GHHSHVW FOD\V UHVSHFWLYHO\ 7KLV ODVW K\SRWKHVLV FDQ EH SDUWLDOO\ MXVWLILHG E\ WKH YHU\ ORZ SHUPHDELOLW\ RI
FOD\V)RU WKH³ILHOGFDSDFLW\´DQG WKHHVWLPDWLRQRIZDWHUFRQWHQWYDULDWLRQVZDFFRUGLQJ WR WKHSUHFLSLWDWLRQ3
DQGWRHYDSRWUDQVSLUDWLRQSURFHVVHV(7FDQDYHUDJHYRLGUDWLRHRIWKHVDQGVWUDWXPHTXDOWRZDVHYDOXDWHG






T00Z     
ZKHUH0ZLV WKHPDVVRIWKHUHVLGXDOZDWHULQWKHYHUWLFDOFROXPQRIYROXPH[[P0ZTV LV WKHPDVVRIWKH
ZDWHU UHVXOWLQJ IURP WKH HTXDWLRQ  IORZLQJ LQ WKH YHUWLFDO FROXPQ DQG 0V LV WKH PDVV RI WKH VROLGV LQ WKH
FRQVLGHUHGYROXPHDFFRUGLQJWRVSHFLILFJUDYLW\RIWKHVDQGRI$JULJHQWR*V DQGWKHYRLGUDWLRH
/DERUDWRU\WHVWLQJ
7KUHHVDQG\VSHFLPHQVIURPWKH9DOOHGHL7HPSOL LQ$JULJHQWRVDPSOHG LQ WKHVDQG\VWUDWXPEHORZWKH3RUWD
9,,ZHUH WDNHQ WR WKH ODERUDWRU\ IRU FROODSVH WHVWLQJ -HQQLQJV DQG.QLJKW >@ FODVVLILHG WKHSRWHQWLDO VHYHULW\RI
FROODSVHEDVHGRQWKHFROODSVHSRWHQWLDOGHILQHGLQHTXDWLRQ






+&3   
ZKHUHǻ+DQGǻHDUH WKHFKDQJH LQKHLJKWRI WKH VDPSOH DQG LQYRLG UDWLR UHVSHFWLYHO\XSRQ IORRGLQJ+ LV WKH
LQLWLDO KHLJKW RI WKH VSHFLPHQ DQG H LV WKH YRLG UDWLR DW WKH QDWXUDO ZDWHU FRQWHQW ,W LV FOHDU WKDW WKH&3 YDOXH
GHSHQGVRQ WKHYHUWLFDO VWUHVV DWZKLFK WKH IORRGLQJ LV DSSOLHG DQG -HQQLQJV DQG.QLJKW >@ VXJJHVWHG D VWDQGDUG
SURFHGXUHWRHVWLPDWHLWIORRGLQJWKHVSHFLPHQZKHQDSUHVVXUHRIN3DLVDSSOLHGVHHDOVR$670'
>@ ,Q WKH FDVH EHLQJ VWXGLHG WKH YHUWLFDO VWUHVV DVVXPHG DW WKH PLGKHLJKW RI WKH VDQG\ OD\HU LV LQGHHG DERXW
N3D>@EHFDXVHRIWKHFDOFDUHQLWHEHQFKZHLJKWDQGWKHDVVXPHGZDWHUWDEOHORFDWHGEHORZWKHVDQG\VWUDWXPLQ
WKHFOD\H\OD\HU8QOLNHWKHVWDQGDUGSURFHGXUH>@WKHFROODSVHSRWHQWLDOZDVFRQVLGHUHGLQLWVHYROXWLRQ WKURXJK






)LJXUHD LOOXVWUDWHV WKH&3SORWWHG DJDLQVW WKHZDWHU FRQWHQW YDULDWLRQV LQGXFHGE\ FRQWUROOLQJ WKH DPRXQW RI
ZDWHUIORZLQJLQWRWKHVDQG\VDPSOHVVHWLQDFRQYHQWLRQDORHGRPHWHUSUHYHQWLQJWKHIORZIURPWKHVDPSOHWRZDUGV
WKHGUDLQDJHDWWKHEDVHE\PHDQVRIDQLPSHUPHDEOHILOPVLPLODUO\WRZKDWZDVDVVXPHGIRUWKHRQHGLPHQVLRQDO









GLIIHUHQW ORFDWLRQVRI VDPSOLQJ WRGLIIHUHQWDPRXQWVRIFROODSVHDOUHDG\RFFXUUHGDQGRU WR WKHGLIIHUHQFHV LQ WKH
QDWXUHRIFROODSVHWKDWFDQEHWKHUHVXOWRIWKHHUDVLQJRIVXFWLRQIRUFHVRQO\RUDOVRWRWKHGLVVROXWLRQRIRWKHUERQGV
HJ>@-HQQLQJVDQG.QLJKW>@FODVVLI\VRLOVZLWKFROODSVHSHUFHQWDJHJUHDWHUWKDQDVPHWDVWDEOHDQGFROODSVH
SHUFHQWDJH IURP  WR  IURP ORZ WR PRGHUDWH +RZHYHU ORZ WR PRGHUDWH YDOXHV RI &3 FRPELQHG ZLWK WKH
KHWHURJHQHLW\ RI WKH IORRGLQJ SKHQRPHQD LQ WKH VDQG\ OD\HU FRXOG JHQHUDWH GLIIHUHQWLDO VHWWOHPHQWV WKDW PLJKW
LQWURGXFHLQWROHUDEOHVWUHVVVWDWHVIRUWKHRYHUO\LQJFDOFDUHQLWHEHQFK>@
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6LPXODWLRQVDQGHIIHFWVRIZDWHUFRQWHQWYDULDWLRQVRQFROODSVH
)RUWKHWKUHHGLIIHUHQW\HDUV WKHGDLO\ZDWHUFRQWHQWZDVFRQVLGHUHGFDOFXODWLQJWKHHIIHFWVRISUHFLSLWDWLRQDQG







RI WKH ZDWHU EDODQFH DQG WKH ³YLUJLQLW\ SRLQW´ IRU WKH FROODSVH 7KH LQIOXHQFH RI OLPLWHG FOLPDWH WUHQGV RQ WKH
FROODSVLQJEHKDYLRXURYHUGLIIHUHQWWLPHSHULRGVZDVDQDO\VHGUDWKHUWKDQDUHVSRQVHRYHUWKHODVW\HDUV,QRWKHU
ZRUGVHDFK WLPHVFDOHHDFKVLPXODWLRQUHWXUQV WR WKH³]HUR´7KLVZD\ WRSURFHHG LQ WKHDQDO\VLVGXHDOVR WR WKH
GLVFRQWLQXLW\RIWKHGDWD LVSDUWLDOO\MXVWLILHGE\WKHQDWXUHRIWKHHYDSRWUDQVSLUDWLRQSURFHVVZKLFKXVXDOO\JRHV
EDFN WR ³GU\ FRQGLWLRQV´ LQ WHUPV RI ZDWHU FRQWHQW 7KH SUHVHQFH RI WKH FDOFDUHQLWH EHQFK DQG WKH HYROYLQJ
VHFRQGDU\SHUPHDELOLW\PLJKWRSHQWRQHZYLUJLQSDWKVIRUWKHIORZVRWKDWWKHVDQGFDQEHFRQVLGHUHGWREHIORRGHG











&3 WKH LQIOXHQFH RI QXPEHU RI PRQWKV FRQVLGHUHG FDQ EH KLJKOLJKWHG &3 YDOXHV DW WKH DEVROXWH SHDNV
FRUUHVSRQGLQJWRDWLPHSHULRGRIRUPRQWKVDWOHDVWDUHORZLQWKHUHJLRQRIDQGUHDFKWKHPD[LPXP
YDOXHDURXQGFRQVLGHULQJWKH\HDUO\WLPHVFDOHRQO\$\%\DQG&\H[FHSWIRUWKHVLPXODWLRQ$ZKHUH
WKLVPD[LPXPYDOXHZDVREWDLQHG DOPRVW DW WKHSHDN LQ WKHPD[ FXPXODWLYHPRQWKO\ UDLQIDOO $P7KH FROODSVH
EHLQJ LUUHYHUVLEOH WKH HVWLPDWLRQ RI &3 WRRN LQWR DFFRXQW SRVLWLYH LQFUHPHQWV RI ZDWHU FRQWHQW RQO\ DQG QRW LWV
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IOXFWXDWLRQWKHYDOXHRI&3LQFUHDVHVRQO\ZKHQWKHZDWHUH[FHHGVDSUHYLRXVPD[LPXPYDOXH7KHYDOXHVRI&3





YHU\GLIIHUHQW YDOXHVRI FXPXODWLYH UDLQIDOO LQGHHGSRLQWV$PDQG$\ FRUUHVSRQG WR VLPLODU YDOXHVRI&3 DERXW
DQGWRYHU\GLIIHUHQWYDOXHVRIFXPXODWLYHUDLQIDOOPPDQGPPUHVSHFWLYHO\7KHNH\IHDWXUHVRI
WKH FROODSVLQJ EHKDYLRXU FDQ EH EHWWHU H[SODLQHG LQ )LJXUH  LQ WKH ZKLFK WUHQGV RI ZDWHU FRQWHQW DQG UHODWLYH
FROODSVH SRWHQWLDO &3ZHUH SORWWHG DJDLQVW WLPH:KHQ WKH LQWHUYDO RI WLPH WR WKH SHDN LQ WKH PD[ FXPXODWLYH
PRQWKO\UDLQIDOO LVVPDOO%P&PIXUWKHUUDLQIDOOHYHQWVDOWKRXJKOHVVLQWHQVHSURGXFHDQDFFXPXODWLRQRIZDWHU
FRQWHQWVWKHHYDSRWUDQVSLUDWLRQSURFHVVHVRFFXUULQJLQWKHUHVWRIWKH\HDUDQGWKHPHWHRURORJLFDOFRQGLWLRQVGRQRW
FRQWUDVW DV PXFK DV LQ WKH GULHVW SHULRGV WKH LQFUHDVH RI 3 LQ WKH EDODQFH RI (TXDWLRQ  UHVXOWLQJ LQ D IXUWKHU
LQFUHPHQWRIZDWHUFRQWHQWVDQG&3XSWRWKHYDOXHFRUUHVSRQGLQJWRWKHPD[LPXPZKLJKOLJKWHGLQ)LJXUH,Q
FRQWUDVWIRUVLPXODWLRQ$WKHPD[LPXPFXPXODWLYHPRQWKO\UDLQIDOORFFXUVODWHU'HFHPEHUDQGQRIXUWKHU
FROODSVHZDVUHFRUGHGVLQFH WKHQEHFDXVHRI WKHQDWXUHRIHYDSRWUDQVSLUDWLRQSURFHVVHV LQ WKHUHPDLQLQJPRQWKV
ZKLFKDOWKRXJKWKHUHDUHIXUWKHUUDLQIDOOHYHQWVGRQRWDOORZDQ\LQFUHDVHRIWKHZDWHUFRQWHQWV7KHUHIRUHIURP
VLPXODWLRQ $ LQ )LJXUH  WKH LQIOXHQFH RI WKH SRVLWLRQ RI WKH PD[ FXPXODWLYH PRQWKO\ UDLQIDOO $P UDWKHU WKH
DEVROXWHSHDNV$SFDQEHKLJKOLJKWHG,WLVSRVVLEOHWRFRQFOXGHWKDWWKHUDLQIDOOUHJLPHDQGWKHHYDSRWUDQVSLUDWLRQ
SURFHVVLQIOXHQFHGE\WKHFOLPDWHIOXFWXDWLRQVEHIRUHDQGDIWHUSHDNHYHQWVKDYHDPRUHLPSRUWDQWUROHRQWKH&3
WKDQ WKH PLOOLPHWUHV RI UDLQIDOO RFFXUULQJ GXULQJ WKH HYHQW LWVHOI 'HVSLWH WKHVH GLIIHUHQFHV RYHU WKH VPDOOHU
WLPHVFDOH WKH&3YDOXHRYHUWKHPRQWKWLPHSHULRGVLPXODWLRQVDOZD\VUHDFKHVDVLPLODUPD[LPXPEHWZHHQ
DQGFRUUHVSRQGLQJWRWKHKLJKHUZDWHUFRQWHQWVZKLFKDUHTXLWHORZOHVVWKDQWKRXJKDUDLQIDOO
UHJLPH WKURXJK WKH \HDU7KHRQHGLPHQVLRQDOPRGHO DOWKRXJK DVVXPHG WREH LPSHUPHDEOH DW WKHERWWRP QHYHU
VDWXUDWHVFRPSOHWHO\DQGWKHPD[LPXPYDOXHRI&3HVWLPDWHGE\ODERUDWRU\WHVWLQJLVQHYHUREWDLQHG7KLVVHHPVWR
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